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(54) ELECTROSTATIC MICRO RELAY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve contact point 
opening performance without enlarging an electrostatic 
microrelay by forming a projecting part at least in either 
one of a fixed base board and a movable base board, and 
allowing the projecting part to abut to the other base 
board before closing a contact point. 
SOLUTION: A movable base board 20 is arranged on an 
upper surface of a fixed base board 10 composed of a 
glass substrate 1 1a. A projecting part 24 is formed on a 
connecting part under surface of a first beam part 22 of 
the movable base board 20 and a movable electrode 25. 
When the movable base board 20 deflects by 
electrostatic attraction, the projecting part 24 surely 
abuts to the fixed base board 10 before closing a 
contact point. When allowing the projecting part 24 to 
abut to the fixed base board 10, a distance between a 
fixed electrode 1 2 and the movable electrode 25 is 
formed so as to become 1/3 or less of an interval 
between the separated fixed base board 10 and the 
movable base board 20. The electrostatic attraction suddenly increases when the projecting 
part 24 abuts to the fixed base board 10, and the movable electrode 25 can be reliably attracted 
to the fixed electrode 12. The projecting part 24 is arranged on the fixed base board 10 side or 
may be arranged on both base boards 10, 20. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By carrying out opposite arrangement of the movable substrate at intervals of 
predetermined through a supporter at a fixed substrate, impressing an electrical potential 
difference between the fixed electrode of a fixed substrate, and the movable electrode of a 
movable substrate, generating electrostatic attraction, and driving a movable substrate In the 
electrostatic micro relay which closes the traveling contact of a movable substrate to the 
stationary contact of a fixed substrate The electrostatic micro relay characterized by making it 
contact the substrate of another side where heights are formed in either at least among said 
both substrates, and said heights remain after the drive of a movable substrate, and before 
contact closing. 

[Claim 2] Said heights are electrostatic micro relays according to claim 1 characterized by 
preparing in at least one between said supporters and contacts. 

[Claim 3] For the substrate which prepared these heights, said heights are electrostatic micro 
relays according to claim 1 or 2 characterized by being the height below the dimension which is 
made to carry out elastic deformation of the movable substrate near said heights, and enables 
closing of a contact with the electrostatic attraction then produced in inter-electrode when the 
substrate of the opposite side is contacted. 

[Claim 4] An electrostatic micro relay given in claim 1 characterized by preparing said heights 
equally corresponding to each **** while supporting said movable substrate equally through two 
or more beam sections prolonged from a supporter thru/or any 1 term of 3. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an electrostatic micro relay. 
[0002] 

[Description of the Prior Art] There is a thing of a configuration of being conventionally shown in 
drawing 8 as an electrostatic micro relay (refer to publication-number 5-No. 2976 official report). 

[0003] In this electrostatic micro relay, elastic support of the movable substrate 102 was carried 
out inside the supporter 101 of the shape of a frame prepared in the top face of the fixed 
substrate 1 00, and the fixed electrode 1 03 formed in the top face of the fixed substrate 1 00 and 
the movable electrode 1 04 formed in the inferior surface of tongue of the movable substrate 1 02 
have countered. And by impressing an electrical potential difference between said two 
electrodes 103,104, generating electrostatic attraction, and attracting a movable electrode 104 
to a fixed electrode 103, the movable substrate 102 is sagged and a traveling contact 105 is 
closed to a stationary contact 106. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in said electrostatic micro relay, since 
adhesion, joining, etc. occur at the time of contact closing, the elastic return force must be 
enlarged so that a contact can be opened certainly. For this reason, it will be necessary to 
increase the electrostatic attraction generated between two electrodes, and driver voltage 
(electrical potential difference impressed to inter-electrode) and the electrode surface product 
which counters must be enlarged, the gap dimension of an electrode must be made small, or it 
must be coped with using an electret etc. Consequently, complication of increase of occupied 
volume, the fall of contact pressure-proofing, structure, and a processing process and a cost 
rise were invited. 

[0005] Then, this invention is easy structure, and it makes it a technical problem to offer the 
electrostatic micro relay excellent in the contact opening nature which it can be cheap and can 
be manufactured easily, without causing enlargement. 
[0006] 

[Means for Solving the Problem] This invention carries out opposite arrangement of the movable 
substrate at intervals of predetermined through a supporter as said The means for solving a 
technical problem at a fixed substrate. By impressing an electrical potential difference between 
the fixed electrode of a fixed substrate, and the movable electrode of a movable substrate, 
generating electrostatic attraction, and driving a movable substrate Heights are formed in either 
at least among said both substrates, and it is made to contact the substrate of another side 
which remains said heights after the drive of a movable substrate, and before contact closing in 
the electrostatic micro relay which closes the traveling contact of a movable substrate to the 
stationary contact of a fixed substrate. 

[0007] If an electrical potential difference is impressed between two electrodes and electrostatic 
attraction is generated by this configuration, on the whole, the part prolonged from that 
supporter will carry out elastic deformation of the movable substrate, and the heights prepared 
in one of substrates will contact the substrate of another side which remains. Thereby, a 
movable electrode approaches a fixed electrode and electrostatic attraction increases. 
Therefore, since elastic deformation is partially carried out near the heights and a fixed electrode 
is adsorbed in a movable electrode, a traveling contact closes a movable substrate to a 
stationary contact. 

[0008] Then, if the applied voltage between two electrodes is removed, electrostatic attraction 
will disappear and the elastic force accompanying the partial deformation generated when not 
only the elastic force generated by bending of the whole part prolonged from a supporter but 
heights contacted a substrate will act as contact opening force. And if heights estrange from a 
substrate, a movable substrate will return to the original opposite location according to the 
elastic force generated by bending of the whole. 

[0009] What is necessary is just to prepare said heights in at least one between said supporters 
and traveling contacts. 
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[0010] With the substrate which prepared these heights, when said heights contact the substrate 
of the opposite side, they should just be taken as the height below the dimension which is made 
to carry out elastic deformation of the movable substrate near said heights, and enables closing 
of a contact with the electrostatic attraction then produced in inter-electrode. For example, 
what is necessary is just to determine the height of heights that the inter-electrode distance in 
the time of heights contacting a substrate will become 1/3 or less [ which was estranged / of 
substrate spacing ]. Trouble is not caused to closing actuation of a contact by the existence of 
heights established by this in order to increase contact opening force. 

[0011] While supporting said movable substrate equally through two or more beam sections 
prolonged from a supporter, when said heights are equally prepared corresponding to each ****, 
it is desirable at the point that either before and after heights contact a substrate can operate a 
movable substrate smoothly. 
[0012] 

[Embodiment of the Invention] Hereafter, the operation gestalt concerning this invention is 
explained according to an accompanying drawing. 

[0013] Drawing 1 and drawin g 2 show the electrostatic micro relay concerning this operation 
gestalt. This electrostatic micro relay forms the movable substrate 20 in the top face of the 
fixed substrate 10 which consists of glass substrate 1 1a. 

[0014] A fixed electrode 12 and stationary contacts 13 and 14 are formed in the top face of 
glass substrate 1 1a at said fixed substrate 10. The front face of a fixed electrode 12 is covered 
with the insulator layer 15. Said fixed electrode 12 and stationary contacts 13 and 14 are 
connected to the connection pad 16, and 17 and 18 through printed-circuit 16a, and 17a and 
18a, respectively. 

[0015] Moreover, said movable substrate 20 supports a movable electrode 25 equally in the four 
1st beam sections 22 which extend in the side from the top-face edge of a supporter 21 
established in the top face of said base 10. Heights 24 are formed in the connection partial 
inferior surface of tongue of the 1st beam section 22 and a movable electrode 25, respectively. 
And if the movable substrate 20 bends with electrostatic attraction, before a contact closes, 
heights 24 will surely contact the fixed substrate 10. Moreover, at the time of the contact to the 
fixed substrate 1 0, heights 24 are formed so that the distance of two electrodes 1 2 and 25 may 
become 1/3 or less [ of spacing of the estranged fixed substrate 10 and the movable substrate 
20 ]. When heights 24 contact the fixed substrate 10 by this, electrostatic attraction becomes 
large rapidly, and it is possible to make a movable electrode 25 stick to a fixed electrode 12 
certainly irrespective of existence of heights 24. 

[0016] In addition, although said heights 24 were formed in the movable substrate 20, it may 
prepare in the fixed substrate 10 side, or you may make it prepare them in both the substrates 
1 0 and 20. Moreover, you may make it prepare two or more places of said heights 24 between 
contacts 13, 14, and 28 and a supporter 21. 

[0017] Said supporter 21 is connected to the connection pad 19 through printed-circuit 19a 
prepared in the top face of the fixed substrate 10. The 2nd beam section 23 is formed in the 
center of the slits 26b and 26c of a pair at said movable electrode 25. The traveling contact 28 
is formed in the center of an inferior surface of tongue of the 2nd beam section 23 through the 
insulator layer 27. The traveling contact 28 has countered said stationary contacts 13 and 14 
possible [ attachment and detachment ]. 

[0018] Then, the manufacture approach of the electrostatic micro relay which consists of said 
configuration is explained. 

[0019] First, as shown in drawing 3 (b), a fixed electrode 12 and stationary contacts 13 and 14 
are formed in glass substrate 1 1a, such as Pyrex shown in drawing 3 (a). Moreover, printed 
circuits 16a, 17a, 18a, and 19a and the connection pads 16, 17, 18, and 19 are formed in 
coincidence, respectively. And the base 10 shown in drawing 3 (c) is completed by forming an 
insulator layer 15 in said fixed electrode 12. 

[0020] In addition, if the silicon oxide of specific inductive capacity 3-4 or the silicon nitride of 
specific inductive capacity 7-8 is used as said insulator layer 15, big electrostatic attraction is 
obtained and a contact load can be made to increase. 
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[0021] On the other hand, as shown in drawing 3 (d), in order to form the gap between contacts 
in the inferior surface of tongue of the SOI wafer 100 which consists of the silicon layer 101, a 
silicon oxide layer 102, and a silicon layer 103 from a top-face side, wet etching by TMAH which 
uses silicon oxide as a mask is performed, and as shown in drawing 3 (e), the supporter 21 and 
heights 24 which project in a lower part side are formed. And as shown in drawing 3 (f), after 
forming an insulator layer 27, a traveling contact 28 is formed. 

[0022] Subsequently, as shown in drawing 3 (g), the junction unification of said SOI wafer 100 is 
carried out by anode plate junction at said base 10. And as shown in drawing 3 (h), with alkali 
etching liquid, such as TMAH and KOH, the top face of the SOI wafer 100 is etched to the 
silicon oxide layer 102 which is an oxide film, and is made thin. Furthermore, a fluorine system 
etching reagent removes said silicon oxide layer 102, and as shown in drawing 3 (i), the silicon 
layer 103 25, i.e., a movable electrode, is exposed. And mold omission etching is performed by 
the dry etching using RIE etc., notch 26a and Slits 26b and 26c are formed, the 1st and 2nd 
beam sections 22 and 23 are started, and the movable substrate 20 is completed. 
[0023] In addition, the base 1 0 may form at least not only by glass substrate 1 1 a but by the 
single crystal silicon substrate which covered the top face with the insulator layer. 
[0024] Next, actuation of the electrostatic micro relay which consists of said configuration is 
explained with reference to the mimetic diagram of drawin g 4 . 

[0025] Since the condition of having not carried out elastic deformation of the 1 st beam section 
22, but having extended horizontally from the supporter 21 is maintained as an electrical 
potential difference is not impressed between two electrodes 12 and 25 but it is shown in 
drawing 4 (a) in the condition of not generating electrostatic attraction, the movable substrate 
20 counters at intervals of the fixed substrate 10 and predetermined. Therefore, the traveling 
contact 28 is opened from both the stationary contacts 1 3 and 1 4. 

[0026] Here, if an electrical potential difference is impressed between two electrodes 1 2 and 25 
and electrostatic attraction is generated, the 1 st beam section 22 will carry out elastic 
deformation, and the movable substrate 20 will approach the fixed substrate 10. Thereby, heights 
24 contact the fixed substrate 10 first. Said electrostatic attraction is in the inclination which 
inter-electrode distance boils small, therefore increases, as shown in drawing 5 . And if both the 
substrates 10 and 20 approach until heights 24 contact the fixed substrate 10, two electrodes 12 
and the electrostatic attraction which acts among 25 will be set up so that it may increase 
rapidly. Therefore, when the movable substrate 20 carries out elastic deformation also of the 
perimeter of heights 24 partially, a movable electrode 25 is adsorbed by the fixed electrode 1 2. 
Consequently, as shown in drawin g 4 (b), a traveling contact 28 closes to stationary contacts 13 
and 14. And after a traveling contact 28 contacts stationary contacts 13 and 14, as shown in 
drawing 4 (c), in addition to the 1st beam section 22, the 2nd beam section 23 bends, and the 
insulator layer 15 with which a movable electrode 25 covers a fixed electrode 12 is adsorbed. 
Therefore, when a traveling contact 28 is adsorbed by the fixed electrode 1 2 in the movable 
electrode 25 of the perimeter, it is pushed against stationary contacts 13 and 14 through the 
2nd beam section 23. For this reason, per piece does not occur but contact dependability 
improves. 

[0027] The force in which the 1st and 2nd beam sections 22 and 23 pull a movable electrode 25 
up at this time, The electrostatic attraction between the movable electrodes 25 and fixed 
electrodes 12 through an insulator layer 15, When reaction from the front face of an insulator 
layer 15 is set to Fs1, Fs2, Fe, and Fn, respectively, there is the following relation. It is possible 
by designing the spring multiplier of 1st and 2nd sheet metal **** 22 and 23, the initial gap of a 
movable electrode 25 and a fixed electrode 12, the thickness of a contact, etc. to make Fn and 
Fs1 small and to suppress the fall (from an ideal model) of Fs2, i.e., a contact load. 
[0028] 
[Equation 1] 
F„= k i1 +f i3 +f d 

[0029] Then, if the applied voltage between two electrodes 1 2 and 25 is removed, not only the 
elastic force of the 1st and 2nd beam sections 22 and 23 but the elastic force accompanying 
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about 24 heights deformation can be made to act as contact opening force. Therefore, even if 
adhesion, joining, etc. have occurred between contacts, it will become possible to make it open 
certainly. And the movable substrate 20 returns to the original location according to the elastic 
force of the 1st beam section 22 after contact opening. 

[0030] Thus, with said operation gestalt, since heights 24 were formed, contact opening force 
can be increased sharply and it becomes possible to operate the movable substrate 20 at the 
time of applied-voltage removal smoothly. 

[0031] Moreover, while forming the movable substrate 20 whole with a silicon wafer simple 
substance, it is formed so that it may become symmetrical with right-and-left point symmetry 
and a profile line. For this reason, it is hard to produce curvature and **** in a movable 
electrode 25. Therefore, while being able to prevent effectively the variation in impossible of 
operation and an operating characteristic, it becomes securable [ a smooth operating 
characteristic ]. 

[0032] The electrostatic micro relay concerning this invention is good also as a configuration 
shown in the almost same drawing 6 as the conventional example shown in drawing 8 . 
[0033] That is, the supporter 31 is constituted from this electrostatic micro relay by the 
rectangle frame prepared in the top face of the fixed substrate 30. The cantilevered suspension 
of the movable substrate 40 is carried out to the connection section 32 from the common-law 
marriage of a supporter 31. An insulator layer 41 is formed in the inferior surface of tongue of 
the movable substrate 40, and the traveling contact 42 is formed in the free one end. Moreover, 
heights 43 are formed between a traveling contact 42 and the connection section 32, and before 
a traveling contact 42 closes to a stationary contact 33, the fixed substrate 30 is contacted. 
[0034] In addition, although movable electrodes 25 and 40 were made into the flat configuration 
with said operation gestalt, a hollow is formed in the top face and it is good also as thin meat. 
Thereby, even if lightweight [ securing desired rigidity ], it becomes possible to raise a working 
speed and a return rate further. 

[0035] Moreover, rigidity may be enlarged as more nearly heavy-gage in said movable electrodes 
25 and 40 than the beam sections 22 and 23. Thereby, all the electrostatic attraction can be 
made into the suction force over a movable electrode 25, and it becomes it is efficient and 
available to deformation of the 1 st beam section 22 or the connection section 32 about 
electrostatic attraction. 

[0036] In addition, although the movable substrate was supported in the four 1st beam sections 
22 or the one connection section 32, you may make it support in 3 or the two 1 st beam sections 
22 in said operation gestalt. It enables this to obtain the electrostatic micro relay with sufficient 
area effectiveness. Concretely, what supports the movable substrate 25 in the two 1st beam 
sections 22 is shown in drawing 7 . In this thing, it has the same composition as what is shown in 
drawin g 1 except having made the 1 st beam section 22 into two. 
[0037] 

[Effect of the Invention] Contact opening force can be increased cheaply, without enlarging with 
an easy configuration according to the electrostatic micro relay concerning this invention, since 
heights were formed in either at least among both substrates so that clearly from the above 
explanation. 

[0038] Moreover, before a contact approaches, heights can be made to contact a substrate 
certainly, since heights were prepared in at least one between a supporter and a contact. 
[0039] It becomes possible to use electrostatic attraction effectively especially, since it 
considered as the height below the dimension which is made to carry out elastic deformation of 
the movable substrate near said heights, and enables closing of a contact with the electrostatic 
attraction then produced in inter-electrode when the substrate of the opposite side is contacted 
in heights with the substrate which prepared these heights. 

[0040] Moreover, since heights were equally prepared corresponding to each **** while 
supporting the movable substrate equally through two or more beam sections prolonged from a 
supporter, the actuation by which the movable substrate was stabilized can be obtained. 
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[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] They are the top view (a) of the electrostatic micro relay concerning this operation 
gestalt, and its sectional view (b). 

[Drawing 2] It is the decomposition perspective view of an electrostatic micro relay of drawin g 
1. 

[Drawing 3] It is the sectional view showing the manufacture process of drawin g 1 . 

[ Drawin g 4] It is the mimetic diagram showing the operating state of an electrostatic micro relay 

of drawin g 1 . 

[Drawing 5 ] It is the graph which shows the relation between inter-electrode distance and 
electrostatic attraction. 

[Drawing 6 ] They are the top view (a) of the electrostatic micro relay concerning other operation 
gestalten, and its sectional view (b). 

[Drawing 7 ] It is the top view of the electrostatic micro relay concerning the operation gestalt of 
further others. 

[Drawing 8 ] It is the front view (b) showing a condition per the partial front view (a) of the 
electrostatic micro relay concerning the conventional example, and piece at the time of a drive. 
[Description of Notations] 
10 — Fixed substrate 
11a — Glass substrate 

1 2 — Fixed electrode 

13 14 — Stationary contact 

20 — Movable substrate 

21 — Supporter 

22 — The 1st beam section 

23 — The 2nd beam section 

24 — Heights 

25 — Movable electrode 
26a — Notch 

26b, 26c — Slit 

27 — Insulator layer 

28 — Traveling contact 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 



a 24 




13 12 16 



[ Drawin g 2] 
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[Drawi ng 3] 
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[Drawing 6] 
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[Translation done.] 
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